Introduction
Radical perineal cystectomy, open or robotic, has never before been described due to inherent technical constraints. We have previously demonstrated the successful clinical application of robotic technology to radical perineal surgery using a nonpurpose-built robotic system; however, technological limitations have prohibited the execution of perineal surgery requiring more cephalad extension into the pelvis and abdomen, including cystectomy and extended pelvic lymph node dissection (ePLND) [1] . Recent advances in robotic technology have led to the development of highly specialised single-port surgical systems [2] [3] [4] . The latest development, the da Vinci â SP1098 (Intuitive Surgical, Sunnyvale, CA, USA), is a second generation purpose-built robotic system designed specifically for single-port, single-site surgery. Owing to the compact profile of its working element, it is also well equipped to operate within small working spaces. In this regard, it has been successfully applied to extraperitoneal renal and prostate surgery [3, 4] . In particular, we recently demonstrated the feasibility of robotic radical perineal prostatectomy and limited PLND using the da Vinci SP1098. We hypothesised that the SP1098 may facilitate the realisation of complex bladder surgery via a perineal approach. In the present study, our aim was to evaluate the feasibility of robotic radical perineal cystectomy (R-RPC) and ePLND using the da Vinci SP1098.
Materials and Methods
The da Vinci SP1098 is a second generation single-port robotic system. Like the da Vinci SP999, the SP1098 consists of the surgeon console, the patient side cart, and the vision cart, which are virtually unchanged from its predecessor [2] . As before, an instrument arm, which is attached to the patient side cart, contains four instrument drives that control the articulating camera and three double-jointed articulating robotic instruments. A newly redesigned 25-mm multichannel port accommodates a 12 9 10-mm oval articulating robotic camera, three 6-mm double-jointed articulating robotic instruments, and an additional 6-mm accessory laparoscopic instrument. Other new features of the SP1098 include highdefinition three-dimensional optics, enhanced instrument arm control, and an instrument guidance system. Specifically, the instrument arm, and the single port to which it is connected, can be manipulated independently of the individual robotic instruments, affording the surgeon greater manoeuvrability within the operative field. On the surgeon's console, an instrument guidance system tracks the location of the robotic port, camera, and instruments within the operative field and warns the surgeon as they near their respective limits of reach.
The cadavers were placed in exaggerated lithotomy. A 2.5-cm incision was made at the apex of the curvilinear line between the ischial tuberosities and below the pubic bone. Dissection was continued cranially through the subcutaneous tissues in the plane anterior to the rectum. The central tendon was incised, followed by incision of the levator ani and Denonvilliers' attachments and division of the rectourethralis muscle. The subcutaneous space was developed, and suspension sutures were placed prior to port insertion. The operating table was placed in slight Trendelenburg, and the robot was docked between the legs (Fig. 1) .
The prostate dissection was performed according to our previously described prostatectomy technique [1] with the exception that the urethra is clipped prior to transection and the base of the prostate is left attached to the bladder. Otherwise, the prostate dissection involved development of the posterior prostatic plane, dissection of the seminal vesicles, division of the vas deferens, dissection of the lateral prostatic lobes, division of the prostatic pedicles, dissection of the prostatic apex without disturbance of the dorsal venous complex, and division of the urethra (Fig. 2a ).
An ePLND was performed using an extraperitoneal approach before completing the cystectomy. The retroperitoneal space is developed medial to the pelvic sidewall and lateral to the bladder. The boundaries of the ePLND, in the order in which they are encountered, were the circumflex iliac vein and node of Cloquet proximally, the genitofemoral nerve laterally, the internal iliac vessels posteriorly, and the inferior mesenteric artery distally (Fig. 2b) .
For the bladder dissection, the ureters and bladder pedicles were identified posterolateral to the bladder on either side (Fig. 2c) . The bladder pedicles were controlled with Hemo-Lok clips (Weck, Teleflex Medical, Research Triangle, NC, USA) and divided. The ureters were transected at the level of the bladder, dissected out cranially, and then set aside for urinary diversion. Lastly, the peritoneum was incised, and the bladder was dissected off the anterior abdominal wall (Fig. 2d) . The specimen was extracted en bloc through the perineum (Video S1).
The primary outcomes of the present study were completion of R-RPC and ePLND without conversion, intraoperative complications, and total robotic operative time. An intraoperative complication was considered as any accidental puncture or laceration to an organ, hollow viscus, or blood vessel.
Results
R-RPC and ePLND to the level of the inferior mesenteric artery was performed successfully in two fresh male cadavers using the da Vinci SP1098 Surgical System. There was no need for conversion to standard techniques or for additional ports. There were no intraoperative complications, i.e. accidental punctures or lacerations. The total robotic operative time was 197 min for case 1 and 202 min for case 2.
Discussion
In this preclinical study, we have demonstrated the feasibility of R-RPC and ePLND using the da Vinci SP1098 surgical system. To our knowledge, this is the first report of either procedure being executed via a perineal approach. Previously, perineal access to the upper pelvis and abdominal cavity, which is required for RPC and ePLND, has not been feasible by open or traditional robotic means. However, the purposebuilt design of the SP1098 is well equipped for transperineal pelvic surgery and, to some extent, even intra-abdominal surgery. In fact, we were able to demonstrate satisfactory instrument control as far cranially as the inferior mesenteric artery. The technological innovations that make this feat possible are the novel robotic single-port system, which allows all of the instruments to enter the body through a small single access point, and the articulating, double-jointed instruments themselves, which allow triangulation to occur deep within the body near the location of the surgical target. Other unique SP1098 features, including independent instrument arm control and the instrument navigation Theoretical benefits of the perineal approach may include improved cosmesis due to the easily concealed location of the small single incision, decreased incisional pain due to avoidance of abdominal wall incisions, decreased bleeding due to preservation of the dorsal venous complex, decreased pneumoperitoneum-related risks due to primarily extraperitoneal insufflation, and decreased bowel manipulation (especially in patients with adhesions from prior abdominal surgeries) due to the primarily extraperitoneal approach. However, given the preclinical nature of the present study, none of these endpoints were able to be evaluated.
Another limitation of our present study is the unanswered question -can robotic perineal intracorporeal urinary diversion be accomplished with the SP1098 following R-RPC? The short answer is that we do not know. Whilst we have successfully performed ureteroenteric anastomoses with the SP1098 using this approach, the primary barrier to perineal urinary diversion is the ability to harvest the bowel and re-establish bowel continuity. This technique is currently under active investigation but requires further refinement before evaluation.
In conclusion, R-RPC with ePLND is feasible in a cadaveric model using the da Vinci SP1098 single-port surgical system. Although the clinical application of R-RPC is premature, this successful feasibility study opens the door for further refinement of the technique and technology. Robotic perineal intracorporeal urinary diversion is being investigated.
